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 ABSTRACT 
 Frequently updated energy balance (EB) estimates 
for individual cows are especially useful for dairy herd 
management, and individual-level estimates form the 
basis for group-level EB estimates. The accuracy of EB 
estimates determines the value of this information for 
management decision support. This study aimed to as-
sess EB accuracy through ANOVA components and by 
comparing EB estimates based either on milk composi-
tion (EBalMilk) or on body condition score (BCS) and 
body weight (BW) (EBalBody). Energy balance based 
on milk composition was evaluated using data in which 
milk composition was measured at each milking. Three 
breeds (Danish Red, Holstein-Friesian, and Jersey) of 
cows (299 cows, 623 lactations) in parities 1 to 4 were 
used. Milk data were smoothed using a rolling local 
regression. Energy balance based on milk composition 
was calculated using a partial least squares (PLS) 
model based on milk fat, protein, and lactose contents 
and yields, and the daily change in these variables at 
each day. Energy balance based on BCS and BW was 
calculated from changes in body condition and BW 
scored weekly or fortnightly. Equations for calculation 
of EBalMilk and EBalBody used no common variables 
and were, therefore, assumed mathematically indepen-
dent. Traits were analyzed within 3 stages of lactation 
expected to have high mobilization of body tissue (1, 
early), almost balanced (2), and deposition of body en-
ergy (3, mid to late lactation). In general, EBalMilk and 
EBalBody followed similar expected changes through 
lactation. Estimates of covariance were obtained using 
single-trait mixed models with random regression terms 
describing the change with time and used for calcula-
tion of repeatability as intraclass correlations. Within 
stage, EBalMilk was less repeatable than EBalBody 
(0.53, 0.41, 0.43 vs. 0.93, 0.91, 0.86, respectively, for 
stages 1, 2, and 3), mainly because of a larger residual 
variance for EBalMilk. Correlations between individual-
level estimates of EBalMilk and EBalBody were close 
to zero. However, correlations between EB estimates 
in different lactation stages tended to be stronger for 
EBalMilk than for EBalBody, although correlations for 
both EB traits were small. It is concluded that EB esti-
mates based on milk composition are less accurate than 
those based on body traits, but EBalMilk can compen-
sate partly for this inaccuracy by being updated more 
frequently. 
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 INTRODUCTION 
 Monitoring of cow status at the individual level has 
been shown to provide real benefits in terms of early 
identification of cows with health and reproductive 
problems (Friggens et al., 2007b; Friggens and Løven-
dahl, 2008). Given the central role of energy balance 
in the feeding–health–reproduction complex (Friggens, 
2003; Ingvartsen et al., 2003), being able to predict en-
ergy balance at individual level would also be expected 
to be of great value to the dairy farmer. Unfortunately, 
measuring energy balance by classical input-output 
methods is not feasible on commercial farms because 
they do not measure individual feed intake. An alterna-
tive is to predict energy balance from milk composition 
measures (Grieve et al., 1986; Heuer et al., 1999, 2000, 
2001; Reist et al., 2002). This method has recently 
been shown to be very accurate (R2 > 94%; predic-
tion error 3.8 MJ/d) for predicting breed-parity aver-
age energy balance through lactation from daily milk 
measures (Friggens et al., 2007c). However, Friggens 
and colleagues (2007c) also showed that there was a 
significantly poorer fit when the model was used to pre-
dict the energy balance of individual cows rather than 
group averages. The purpose of the present study was 
to characterize the between-cow variation in prediction 
of energy balance with a view to improving the predic-
tion of energy balance at the individual cow level. 
 There are several potential reasons for the poorer 
fit of the prediction model when applied at the indi-
vidual cow level. It is, of course, to be expected that 
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the goodness of fit of average data would be better than 
that of individual data simply on the grounds of the 
reduction in error that averaging provides. However, 
there could be other, biological, reasons for individual 
cow deviations from the average. It has been shown 
that there is genetic variation in both milk composition 
measures (Vos and Groen, 1997) and energy balance 
(Coffey et al., 2001; Banos et al., 2005b; Oikonomou et 
al., 2008a,b). Genetic correlations between energy bal-
ance and milk measures are somewhat less than 1 (e.g., 
Coffey et al., 2001), indicating that there may be real 
(genetic) variation between individuals in the relation-
ship between milk measures and energy balance that 
we wish to model. Modeling this variation could lead to 
an improvement in prediction of individual energy bal-
ance from milk measures. A second possible source of 
animal deviations could be caused by variation between 
individuals in the conversion factors between the mea-
sures used and the energy equivalent of those measures. 
With regard to milk composition, these conversion fac-
tors are the energetic efficiencies for producing milk 
fat, protein, and lactose (and their energy contents). 
Previous studies indicate that individual variation in 
these efficiencies is rather small (Veerkamp et al., 1995). 
There is, however, another set of variables and associ-
ated conversion factors used to generate the model for 
predicting energy balance; the “y” variables used in 
the partial least squares (PLS) regression from which 
the predictive equation was developed, namely BW 
and BCS. The conversion factors associated with these 
variables are those that convert BCS to body fatness 
and adjust BW for gutfill. These factors could equally 
be subject to individual variation. For this reason, in-
dividual variation associated both with energy balance 
predicted from milk measures (EBalMilk) and energy 
balances calculated from body changes (EBalBody) 
were explored.
An additional aspect explored in this study is how 
the individual deviations change with time from calv-
ing. These time trends may shed light on both sources 
of variation described above and on potential additional 
parameters to be included in an improved model to 
predict energy balance at the individual level.
MATERIALS AND METHODS
Experiment Design and Records
The data used were collected within a 5-yr experi-
ment conducted from October 1996 to October 2001 at 
the Danish Cattle Breeders Organization research farm 
Ammitsbøl Skovgård. All the procedures involving ani-
mals were approved by the Danish Animal Experiments 
Inspectorate and complied with the Danish Ministry 
of Justice Law no. 382 (June 10, 1987) and Acts 739, 
(December 6, 1988) and 333 (May 19, 1990) concern-
ing animal experimentation and care of experimental 
animals.
The design and methods for the production aspects of 
the experiment have been described in detail elsewhere 
(Nielsen et al., 2003). Briefly, 3 breeds were represented: 
Danish Holstein, Danish Red, and Jerseys. The design 
included 2 genetic lines within each breed. For Dan-
ish Red and Danish Holstein, the 2 lines were selected 
solely for milk yield or dual-purpose milk and meat 
production. The 2 Jersey lines were Danish Jerseys 
and American Jerseys. A summary of the performance 
of the different breeds and lines has been presented 
by Nielsen et al. (2003). Within all levels of genetic 
structure, cows were equally assigned to 1 of 2 dietary 
treatments. The cows were studied during consecutive 
lactations and remained on the same dietary treatment 
throughout. The cows were housed throughout the year 
in single tie stalls. Records of 623 lactations from 299 
cows were available. The number of lactations in each 
parity was 269, 226, and 128 for parities 1, 2, and 3+, 
respectively.
The cows were fed 1 of 2 TMR ad libitum through-
out lactation. The normal energy diet (NTMR) was 
designed to allow the cows to meet their energy require-
ments. The low energy diet (LTMR) was designed to 
limit feed energy supply. The composition of the 2 TMR 
was fixed irrespective of stage of lactation. The average 
digestible energy contents of NTMR and LTMR were 
13.55 and 12.88 MJ/kg of DM, respectively. The aver-
age CP contents of NTMR and LTMR were 153 and 
145 g/kg of DM, respectively. The average dry matter 
intakes of Danish Holstein cows on NTMR and LTMR 
were 20.8 and 20.1 kg/d, respectively. The average 
305-d milk yields of Danish Red, Danish Holstein, and 
Jersey cows on NTMR were 6,060, 7,242, and 5,081 kg, 
respectively (Friggens et al., 2007a).
The cows were milked twice daily. Milk yield and 
milk composition were recorded at each milking. Pro-
portional milk samples taken from each milking were 
analyzed for fat, protein, and lactose. All animals were 
weighed on d 2, 3, and 8 after calving and then once 
weekly until 3 mo after calving. From 3 mo after calving 
to the dry period they were weighed fortnightly. During 
the dry period, the cows were weighed once weekly. To 
minimize the influence from milking and feeding, the 
cows were weighed at the same time of day. Body con-
dition was scored to the nearest half unit on the Danish 
scale (Kristensen, 1986; derived from Lowman et al., 
1976) from 1 to 5 on d 2, 14, 28, 42, 56, 84, 112, 168, 
and 224 after calving. Additionally, BCS was recorded 
on the day of drying off, d 35, 21, and 7 before expected 
calving, and finally on the day of calving. All BCS were 
1999ENERGY BALANCE PREDICTED FROM MILK COMPOSITION
Journal of Dairy Science Vol. 93 No. 5, 2010
made by the trained personnel on the research farm, 
where the same person made 92% of the scores.
Data Manipulation
Milk yield and milk fat percentage records were 
checked for outliers according to the procedure used 
by Friggens et al. (1999). Observations with a residual 
greater than +5 or less than −5 standard deviations 
from a cubic spline fit were rejected. Extremely devi-
ant observations, which highly influenced the residual 
standard deviations, were accounted for by running the 
spline procedure twice, the second time without the 
deviant observations identified in the first run. In total 
over both splines, 0.4% of intake records, 0.4% of milk 
composition records, and 0.7% of milk yield observa-
tions were rejected. Condition score and BW records 
for each cow and lactation number were checked for 
deviant observations by visual inspection relative to 
DIM. In total, 0.6% of the BCS records and 0.8% of 
the BW records were rejected.
All the data used in the subsequent analyses were 
smoothed data. The smoothing was done using a rolling 
local regression by the Loess procedure as implemented 
by SAS (version 8.02, 1999; SAS Institute, Cary, NC). 
The standard deviation of the smoothed data for milk 
fat percentage was 90.2% of the standard deviation of 
the raw data. Similar reductions were found for the 
other measures. This smoothing was done for 2 reasons. 
First, there was a need to use rate of change variables 
and these are notoriously noisy when calculated using 
unsmoothed data. Second, when using a time-series of 
data from which to make predictions, standard practice 
is to use smoothed data before interpretation (e.g., 
Friggens et al., 2007b). Thus, the base data relevant 
to application of these methods were locally smoothed 
data. Data from the colostrum period (d 0 to 3 of lacta-
tion) were excluded from the statistical analyses, as 
were data from after d 301 in lactation.
Calculation of EBalBody
The classic, and generally accepted, way of calculat-
ing energy balance from inputs and outputs includes 
the milk components (e.g., Ellis et al. 2006). Therefore, 
for purely statistical reasons we would expect a strong 
relationship between milk composition and energy bal-
ance. The obvious way of trying to avoid this unwanted 
correlation is to derive energy balance from measures 
other than milk measures; that is, from changes in body 
reserves. Thus, EBalBody was calculated using changes 
in BW (ΔBW) and BCS (ΔBCS), and the product of 
BCS and BW [Δ(BCS × BW)] combined in the follow-
ing equation:
EBalBody = (a × z – a × y × k + y × k)  
× ΔBW + (b × z – b × y × k) × Δ(BCS × BW)  
– (b × z × Gut – b × y × k.Gut) × ΔBCS,
where a is the intercept and b the slope of the rela-
tionship between BCS and body lipid content, Gut is 
gutfill, k is the protein content of the lipid-free empty 
body, y is the energy associated with a change in body 
protein, and z is the energy associated with a change in 
body lipid. The derivation for this equation is given in 
Friggens et al. (2007c).
To calculate EBalBody, estimates of a, b, Gut, k, 
y, and z are required. Coefficients k, y, and z can be 
regarded as universal constants with k = 0.2224 (kg/
kg), y = 13.5 MJ of effective energy/kg of body protein 
mobilized, y = 50.0 MJ of effective energy/kg of body 
protein deposited, z = 39.6 MJ of effective energy/kg of 
body lipid mobilized, and z = 56.0 MJ of effective en-
ergy/kg of body lipid deposited (Emmans, 1994, 1997; 
Friggens and Ingvartsen, 2002). Because the values of 
y and z depend upon whether body protein and lipid 
are being mobilized or deposited, 3 periods or stages 
of lactation were defined according to DIM: period 1 
= 0 to 28, period 2 = 49 to 70, and period 3 = 112 
to 301. The first period represented the period where 
both protein and lipid mobilization likely occurs (Cam-
mell et al., 2000). The second period represented lipid 
mobilization and possible protein deposition. The third 
period represented both lipid deposition and possible 
protein deposition. It was assumed that the relevant 
values of y in periods 1 to 3 were 13.5, 50.0, and 50.0, 
respectively. It was assumed that the relevant values 
of z in periods 1 to 3 were 39.6, 39.6, and 56.0, respec-
tively. The values of a, b, and Gut used were 0.05, 0.10, 
and 7, respectively (Friggens et al., 2007c).
Calculation of EBalMilk
Energy balance from milk measures was calculated 
using the following equation:
EBalMilk = 132.769 + 13.0675·MFC – 140.304· 
F/P – 95.1219·diff(MY) – 172.65·diff(F/P)  
+ 802.306·diff(mPy),
using milk fat content (MFC), fat:protein ratio (F/P), 
and milk yield (MY), together with 3 “diff()” variables. 
These are the current minus the previous value of the 
milk measure in question: diff(MY), diff(F/P), and the 
difference in milk protein yield, diff(mPy). Smoothed 
values of all variables were available for all days in 
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lactation. This equation for calculating EBalMilk is 
the best reduced model (model 18) in (Friggens et al., 
2007c) minus DIM to make it time independent (model 
19). On breed-parity group means data it had a pre-
diction error of 4.5 MJ/d and explained 91.9% of the 
variance.
Exploratory and Statistical Analyses
Data from the first 4 lactations were used in an ex-
ploratory analysis. To examine the variation that can 
be attributed to individuals and how that varies across 
time, mixed models methodology was used to separate 
the average time trend in energy balance (fixed effects) 
from individual cow variation (random effects). This 
was done using the following model for one EB variable 
at a time, for each period:
yijklmnp = μ + bi + lj + rk + pm + dn + azcijklm  
+ bzdncijklm + eijklmnp,
where yijklmnp is either EBalMilk or EBalBody. The fixed 
part of the model contains an intercept (μ) and the 
factors breed (bi), selection line (lj), feeding level (rk), 
parity class (pm), and DIM (dn). Although milk yield 
and milk composition were measured every day in lac-
tation, BW and BCS were measured less frequently, 
thus only 1 value per lactation week (approximating 
the BW measurement frequency) was used. The ran-
dom variance between cows (cijklm) was modeled using a 
random coefficient model with intercept (az) and slope 
(bz) on DIM expressed as a deviation from the average 
in that period; that is, obtained by subtracting 14, 59.5, 
or 206 from DIM in periods 1, 2, and 3, respectively. 
Random residual (eijklmnp) variance (σe
2), and individual 
cow variance components (σ σa b
2 2,  ) were assumed to be 
normally distributed, with a covariance (σab) between 
the intercept and slope parameters. Parameters were 
estimated using the MIXED procedure (version 9.1, 
SAS Institute Inc.). Intraclass correlations (i.e., repeat-
ability) for cows within lactation were estimated from 
variance components as t a a e= +( )σ σ σ2 2 2 . In a second 
step, random solutions for each cow obtained from each 
single trait analysis were aligned and estimates of cor-
relations obtained as simple Pearson correlations.
RESULTS
The average estimates of energy balance associated 
with DIM for the 2 methods of calculating energy bal-
ance are shown in Figure 1. It can be seen that there 
is good general agreement between them. Furthermore, 
averages for breeds were rather similar for EBalMilk 
and EBalBody at all 3 stages of lactation (Figure 2). 
However, the effects of feeding level on energy balance, 
as induced by different energy concentrations in the 2 
TMR, gave somewhat different results for EBalBody 
and EBalMilk in the 3 stages of lactation (Figure 3), 
indicating systematic bias dependent on stage of lac-
tation. For individual cows, energy balance estimates 
based on milk followed a time profile over the lactation 
similar to that obtained from BW and BCS (example 
cows in Figure 4, panels a, b, and c). However, EBalM-
ilk appeared far more variable than EBalBody in all 
cows throughout lactation.
The remaining variance components, attributable 
to individual cows and the residual variance, were es-
timated for both EBalBody and EBalMilk. Variance 
component estimates obtained from a mixed model 
analysis (Table 1) show, for both EB variables, much 
larger animal and residual variance in the first period 
compared with periods 2 and 3. The residual variance 
was several fold larger for EBalMilk than EBalBody 
giving root mean square error (RMSE) values 2- to 4.5-
fold larger. The variance components for animal were 
more similar for the 2 EB variables, which effectively 
led to the intraclass correlation (repeatability within 
period) being around 0.90 for EBalBody and smaller, 
at around 0.45, for EBalMilk. These intraclass correla-
tions are estimated at the center of each period and 
are therefore unaffected by any slope estimates. The 
individual animal components within periods for slopes 
were significant for both EB variables in all 3 periods 
(Pz-test < 0.01).
Individual-level correlations between EBalBody and 
EBalMilk were close to zero for the intercept (Table 2). 
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Figure 1. Energy balance estimated from BW and BCS (EBalBody) 
or milk composition (EBalMilk). Results are least squares means from 
a mixed model for the stage of lactation effect. Color version available 
in the online PDF.
Correlations were larger for the slope estimates but at 
their best reached only 0.34.
Correlations between random animal effect estimates 
from different periods (Table 3) were not strong and 
in every case much smaller than the within-period 
intraclass correlations. This indicates that individual 
characteristics of energy balance in early lactation are 
only weakly correlated to energy balance in other parts 
of the lactation. Individuality of within-period changes 
(slope) were not correlated between periods.
DISCUSSION
Energy balance estimated from milk composition 
generally follows a time profile similar to EB estimated 
from BCS and BW. However, estimates based on milk 
were more variable from day to day (week to week) 
than estimates based on body measures. The large 
variability in individual-level energy balance based 
on milk composition and yield resulted in these being 
only weakly to moderately repeatable within distinct 
stages of lactation and weakly to moderately correlated 
between stages of lactation. In comparison, energy 
balance estimated from BCS and BW are highly re-
peatable within stages of lactation, but only weakly 
to moderately correlated between different stages. Es-
timates of individual differences in changes in energy 
balance obtained as slopes in the random regression 
coefficients were not correlated between stages of lac-
tation when based on milk and when based on body 
measures. Within stages, EB based on milk were not 
closely correlated to EB based on body measures.
This study has evaluated energy balance estimates 
in lactating cows based either on milk composition or 
on body measures (BCS and BW). The advantage of 
milk-based EB is its easy integration with automated 
on-farm, in-line, sensor-based monitoring systems allow-
ing for frequent acquisition of new data and an almost 
continuous monitoring of EB. The major disadvantage 
of EB based on milk composition seems to be the poor 
repeatability even within short periods and hence the 
large prediction error. In comparison, EB based on BW 
and BCS was, in this study, shown to be highly repeat-
able, which confirms results from genetic studies (e.g., 
Coffey et al., 2001; Banos et al., 2005a,b), where the 
underlying traits BW and BCS are also shown to be 
highly heritable throughout lactation. Although milk 
composition measures themselves are highly repeatable 
and heritable throughout lactation, previous studies 
of EB derived from milk composition have primarily 
focused on the early stages of lactation (e.g., Reist et 
al., 2002, 2003; Clark et al., 2005).
Within all 3 stages of lactation, EBalMilk was almost 
uncorrelated to EBalBody. This was against expecta-
tions because the EB milk prediction model was devel-
oped to work across different lactation stages (Friggens 
et al., 2007c) and, by several indicators, was found to 
give a good fit to data and still avoid collinearity. Some 
previous studies (e.g., Reist et al., 2002) have expressed 
EB as a difference between dietary energy intake and 
energy output in milk (ECM); that is, also using milk 
composition data to calculate the output. When the 
composition data are used to calculate the “true EB” 
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Figure 2. Effect of cow breed on energy balance during lactation 
estimated from BW and BCS (Body) or milk composition (Milk). 
Results are least squares means from a mixed model for the interac-
tion between breed and stage of lactation. Red = Danish Red; HF = 
Holstein-Friesian; Jer = Jersey. Color version available in the online 
PDF.
Figure 3. Effect of energy density in TMR fed ad libitum to cows 
on energy balance estimated from BW and BCS (Body) or milk com-
position (Milk). The effect is estimated as the difference (diff) between 
“normal” and “low” energy density (13.55 vs. 12.88 MJ/kg of DM) dur-
ing 3 stages of lactation. Color version available in the online PDF.
and then used as the x-variable in a prediction model, 
it creates a part-whole correlation. This was avoided in 
the present study where EB based on BCS, BW, and 
feed intake (only as a measure of gutfill) was used in 
the learning data as true EB, and predictors included 
milk composition variables and their derivatives in time 
so that collinearity was effectively avoided. However, 
the lack of agreement between EBalMilk with EBal-
Body remains unexplained in the present study. Given 
that EB based on body traits is a well-established trait 
(Coffey et al., 2001; Banos et al., 2005a,b), one could 
speculate that the EB based on milk components ef-
fectively work through well-known changes in milk 
yield and composition during lactation to make another 
(hidden) continuous stage of lactation variable. When 
seen as an average over a group of cows, this hidden 
variable would follow concurrent changes in EB rather 
well. This remains to be studied in further detail before 
EB milk is implemented in management systems.
The individual animal component of EB was ana-
lyzed both as a level for each lactation stage and as a 
slope giving the change with advancing lactation us-
ing random regression in a linear mixed model. This 
approach enabled estimation of variance components 
from which estimates of repeatability were obtained 
and from which animal-level correlations between EB 
variables were estimated. Furthermore, estimates of 
variance components offer a simple and efficient way of 
calculating standard errors of other parameters such as 
group or herd means when these are based on a certain 
number of animals and sampling schemes without need 
for simulations of alternative sampling scenarios (e.g., 
Heuer et al., 2000).
Estimates of energy balance based on body measures 
and BW are affected by increases in gutfill occurring 
concurrent with depletion of stored body fat (e.g., An-
drew et al., 1994, 1995; Komaragiri and Erdman, 1997; 
Ellis et al., 2006). The main problem is that the weight 
of the empty body is difficult to estimate on the live 
cow, and similarly it is difficult to assess the composition 
of the empty body on the live cow. Available methods 
for obtaining precise in vivo estimates include dilution 
techniques based on deuterium-labeled water, which is 
expensive (e.g., Komaragiri et al. 1998). However, a 
well-established method based on the change in gutfill 
with dry matter intake was used in the present study to 
obtain estimates of empty body mass during lactation 
(Andrew et al., 1994, 1995). The energy content of the 
empty body mass was further adjusted for composi-
tion using BCS, which is also a well-established method 
(e.g., Wright and Russel 1984). By using changes in 
BW and BCS corrected for dry matter intake, reliable 
estimates of body energy content and changes in this 
variable were obtained.
Moderate to weak correlations were detected between 
EB estimates at different stages of lactation. Similarly, 
previous studies have shown low genetic correlations 
of EB estimated from BCS and LW when these were 
spaced more than a few months apart (Banos et al., 
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Figure 4. Estimated energy balance based on BW and BCS (B, 
♦) or milk composition (M, □) in 3 example cows (one per panel) in 
their second lactation. Energy balance was estimated during 3 stages 
of lactation. Point estimates are included for days when BW or BCS 
were recorded. Color version available in the online PDF.
2005a,b). Obviously, EB as such should be a very dif-
ferent biological trait in different stages of the same 
lactation, first because it can change direction from 
positive to negative, and second because it involves dif-
ferent processes of mobilizing and storing body tissue. 
Each of these processes has different efficiency in the 
different stages as noted by Emmans (1994), which was 
the reason for selecting 3 different lactation periods for 
the present study. Also, the potential application of EB 
information differs with stage of lactation from being 
ketosis risk related (very early stage), to fertility re-
lated (early to middle stages), and finally of importance 
for preparing the next lactation (in the late stage and 
dry period). The desire for a single prediction model 
to cover this wide range of situations may thus not be 
practical.
The current EB milk model is based on traditionally 
available milk composition measures, including their 
ratios and derivatives in time. Other indicators of EB 
available in milk have primarily been studied in very 
early lactation as indicators of ketosis (acetone, BHBA, 
or NEFA), or as indicators of reduced female fertility 
(Senatore et al., 1996; Oikonomou et al., 2008a). These 
are mainly seen as substitutes for the same indicator 
expressed in blood plasma at higher concentrations 
(e.g., Clark et al. 2005). Further indicators are available 
in blood plasma such as metabolically active hormones 
(e.g., growth hormone, insulin, IGF-1, and leptin; Reist 
et al., 2003; Oikonomou et al., 2008b), but these are 
currently not commercially available, which hampers 
the use of these methods on farm.
CONCLUSIONS
The potential use of EB in dairy herd management 
and decision support depends on the availability and 
reliability of EB estimates for the single animal or the 
group of animals in question. As on-farm milk composi-
tion data become available, they would offer a source of 
information on which EB could be assessed. However, 
the reliability of EB estimates based on the milk com-
ponents analyzed in this study were of limited value for 
monitoring individual animals at any stage of lactation. 
Monitoring of EB through milk data would require 
indicators that were more closely related to ongoing 
energy balance, and different indicators would likely be 
needed for specific parts of the lactation.
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Table 1. Estimates of variance and covariance derived parameters for individual differences in energy balance 
calculated from BCS and BW (EBalBody) or milk measures (EBalMilk) according to stage of lactation1  
Trait Stage Intercept DIM_cent Residual Intraclass correlation RMSE2
EBalBody 1 894.85 2.64 70.78 0.93 8.41
 2 129.65 0.46 13.20 0.91 3.63
 3 118.02 0.01 18.43 0.86 4.29
EBalMilk 1 381.49 1.08 338.27 0.53 18.39
 2 191.25 0.34 274.69 0.41 16.57
 3 107.02 0.01 142.97 0.43 11.96
1Individual animal variance was modeled as an intercept and a linear slope with DIM [centered within each 
period to minimize intercept-slope correlations (DIM_cent)].
2RMSE = root mean square error.
Table 2. Estimates of correlations between individual animal components of EBalBody and EBalMilk derived 
from random solutions (319 units) in each of the 3 stages of lactation1  
 Trait Stage EBalBody_slope EBalMilk_intercept EBalMilk_slope
EBalBody – Intercept 1 −0.55 −0.07 −0.05
 2 −0.06 0.06 −0.16
 3 0.16 0.02 0.11
EBalBody – Slope 1  0.10 0.34
 2  −0.02 0.30
 3  0.11 0.09
1Results are individual-level correlations. Energy balance calculated from BW and BCS (EBalBody) or from 
milk components (EBalMilk).
hagen, Denmark) and the Danish Cattle Association 
(Skejby, Denmark).
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Table 3. Individual-level correlations between stages of lactation obtained as correlations between random 
effects estimates from different time stages 
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